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(54) COMPUTER SYSTEM 



(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the power consumption of a computer 
by enabling control over the stop and restart of a bus clock without mounting any 
special function on a peripheral device on a bus. 

SOLUTION: When a bus monitor circuit 161 detects FRAME# and IRDY# being 
both supported and a bus request detecting circuit 162 and a system event 
detecting circuit 163 detect a bus request signal and a system event signal not 
being generated, the output of a 3-input OR gate 164 goes down to V indicating 
that the bus is not in operation. Consequently, a clock control signal output 
circuit 165 generates a clock control signal indicating the stop of PCICLK, and 
consequently the supply to PCICLK to respective PCI devices is stopped. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A bus clock generation means to generate the bus clock for giving the 
timing of the transaction on said bus to two or more peripheral devices combined 
with the bus of a computer system, and the peripheral device of these plurality, A 
bus idle detection means to supervise the transaction on said bus and to detect 
whether it is a bus idle condition, An event detection means to detect the 
existence of the bus demand signal from said each peripheral device, and an 
interrupt signal, It is a clock control means to control clock generation actuation 
of said bus clock generation means based on the detection result of said bus idle 
detection means and said event detection means. The computer system 
characterized by providing a clock control means to stop said bus clock when it 
is detected that it is in a bus idle condition and it is detected that said bus 
demand signal and interrupt signal are not generated. 

[Claim 2] After it is detected that it is in said bus idle condition and it is detected 
that said bus demand signal and interrupt signal are not generated, said clock 
control means so that said bus clock may be stopped after fixed time amount 
progress When generating of a means to delay the timing which stops said bus 
clock, discharge of said bus idle condition, said bus demand signal, or said 



interrupt signal is detected, The computer system according to claim 1 
characterized by providing a means to make supply of said bus clock resume. 
[Claim 3] A bus clock generation means to generate the bus clock for giving the 
timing of the transaction on said bus to two or more devices combined with the 
bus of a computer system, and the device of these plurality, A bus idle detection 
means to supervise the transaction on said bus and to detect whether it is a bus 
idle condition, An event detection means to detect the existence of the bus 
demand signal from said each device, and an interrupt signal, It is a clock control 
means to control clock generation actuation of said bus clock generation means 
based on the detection result of said bus idle detection means and said event 
detection means. The computer system characterized by providing a clock 
control means to reduce the frequency of said bus clock when it is detected that 
it is in a bus idle condition and it is detected that said bus demand signal and 
interrupt signal are not generated. 

[Claim 4] After it is detected that it is in said bus idle condition and it is detected 
that said bus demand signal and interrupt signal are not generated, said clock 
control means so that the frequency of said bus clock may fall after fixed time 
amount progress When generating of a means to delay the timing to which the 
frequency of said bus clock is reduced, discharge of said bus idle condition, said 
bus demand signal, or said interrupt signal is detected, The computer system 



according to claim 3 characterized by providing a means to return the frequency 
of said bus clock to the original condition. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the computer system 

which has a bus clock control function about a computer system. 

[0002] 

[Description of the Prior Art] Conventionally, as a system bus used for a personal 
computer, although the ISA (Industry Standard Architecture) bus and the EISA 
(Extended ISA) bus were in use, recently, a PCI (Peripheral Component 
Interconnect) bus is beginning to be adopted for improvement in the speed of a 
data transfer rate, and construction of the system architecture independent of a 
processor. 



[0003] In the PCI bus, almost all data transfer is based on block transfer, and 
each [ these ] block transfer is realized using burst transmission. Thereby, in a 
PCI bus, the data transfer rate of a maximum of 133 M bytes/second can be 
realized (when a data bus is 32-bit width of face). 

[0004] Therefore, if a PCI bus is adopted, it becomes possible to perform data 
transfer between I/O devices and between a system memory and an I/O device 
etc. at a high speed, and system performance can be raised. 
[0005] In such a PCI bus architecture, the comparatively high-speed bus clock of 
33MHz is used for implementation of high-speed operation. This bus clock is for 
providing each peripheral device on a bus with the timing of the transaction on a 
PCI bus, and the peripheral device on a bus is always continuing being supplied 
during system behavior. 
[0006] 

[Problem(s) to be Solved by the Invention] However, such a high-speed bus 
clock is set to one of the big factors which raise the power consumption of a 
computer. For this reason, recently, the specification ("CLKRUN" protocol) for 
stopping a bus clock is increasingly incorporated also in the specification of a 
PCI bus. 

[0007] However, in order to mount the this "CLKRUN" protocol in a system, to 
have a function for all the devices on a PCI bus to correspond to the "CLKRUN" 



protocol is needed. For this reason, when the existing peripheral device which 
does not support the "CLKRUN" protocol existed, the "CLKRUN" protocol could 
not be used, and a bus clock was not able to be stopped. 
[0008] This invention is made in view of such a point, and it enables it to control 
a bus clock, without mounting special functions, such as the "CLKRUN" protocol, 
in a peripheral device, and aims at offering the computer system which can aim 
at reduction of power consumption easily. 
[0009] 

[Means for Solving the Problem] Two or more peripheral devices by which the 
computer system by this invention is combined with the bus of a computer 
system, A bus clock generation means to generate the bus clock for giving the 
timing of the transaction on said bus to the peripheral device of these plurality, A 
bus idle detection means to supervise the transaction on said bus and to detect 
whether it is a bus idle condition, An event detection means to detect the 
existence of the bus demand signal from said each peripheral device, and an 
interrupt signal, It is a clock control means to control clock generation actuation 
of said bus clock generation means based on the detection result of said bus idle 
detection means and said event detection means. When it is detected that it is in 
a bus idle condition and it is detected that said bus demand signal and interrupt 
signal are not generated, it is characterized by providing a clock control means 



to stop said bus clock. 

[0010] In this computer system, a system state is investigated by detecting the 
existence of a bus idle condition, a bus demand signal, and an interrupt signal, it 
is judged that it is in a bus idle condition, and he is a system idle when it is 
detected that the bus demand signal and the interrupt signal are not generated, 
and a bus clock is stopped. In this case, since it will not be stopped by the bus 
clock in the limitation in which the bus demand signal or the interrupt signal is 
generated even if it is in a bus idle condition, actuation of a peripheral device is 
not affected. Therefore, an unnecessary bus clock can be stopped without 
mounting special functions, such as the "CLKRUN" protocol, in a peripheral 
device, and reduction of power consumption can be aimed at. 
[0011] Moreover, after it is detected as said clock control means that it is in said 
bus idle condition and it is detected that said bus demand signal and interrupt 
signal are not generated, it is desirable to include a means to delay the timing 
which stops said bus clock so that said bus clock may be stopped after fixed 
time amount progress. 

[0012] Since time amount will be required by resumption of bus clock supply 
even if an interrupt signal etc. is generated after that if a bus clock is immediately 
stopped at the time of a system idle, the fall of system performance will be 
caused. Therefore, in order to prevent the fall of system performance, it is 



required to make it make it perform by summarizing as many processings as 
possible at the clock days of supply, and this can be realized by delaying the 
timing which stops a bus clock. 

[0013] Moreover, two or more devices with which the computer system of this 
invention is combined with the bus of a computer system, A bus clock generation 
means to generate the bus clock for giving the timing of the transaction on said 
bus to the device of these plurality, A bus idle detection means to supervise the 
transaction on said bus and to detect whether it is a bus idle condition, An event 
detection means to detect the existence of the bus demand signal from said 
each device, and an interrupt signal, It is a clock control means to control clock 
generation actuation of said bus clock generation means based on the detection 
result of said bus idle detection means and said event detection means. When it 
is detected that it is in a bus idle condition and it is detected that said bus 
demand signal and interrupt signal are not generated, it is characterized by 
providing a clock control means to reduce the frequency of said bus clock. 
[0014] According to this configuration, the frequency of that bus clock falls 
instead of stopping a bus clock completely. Usually, since the peripheral device 
is constituted so that it can operate about a part of logic of the interior also in the 
condition that the bus clock is stopped, and an interrupt signal and a bus 
demand signal can be generated normally, it is satisfactory, but when a bus 



clock is stopped depending on a peripheral device, there are some which cannot 
operate at all. Therefore, when such a device is connected, it is required to 
supply a necessary minimum clock rather than to stop a bus clock completely, 
and to guarantee actuation of these devices. Thereby, it becomes possible to 
aim at reduction of power consumption, guaranteeing actuation of a device. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained with reference to a drawing. The configuration of the computer system 
concerning 1 operation gestalt of this invention is shown in drawing 1 . This 
computer system is a portable computer the notebook type in which a dc-battery 
drive is possible, or laptop type, and the processor bus 1, PCI bus 2, ISA Bus 3, 
CPU11, host-PCI bridge equipment 12, main memory 13, the various PCI 
peripheral devices 14 and 15, the bus clock control circuit 16, the bus clock 
generation circuit 17, PCI-ISA bridge equipment 18, the various ISA peripheral 
devices 19 and 20, etc. are formed on that system board. 
[0016] The PCI bus clock (PCICLK) generated by the bus clock generation 
circuit 17 is supplied to the thing 12 which functions as a PCI device connected 
to PCI bus 2 among these components, i.e., host-PCI bridge equipment, the 
various PCI peripheral devices 14 and 15, and PCI-ISA bridge equipment 18. 
This PCI bus clock (PCICLK) gives the timing of a bus transaction to each PCI 



device, and the cycle on PCI bus 2 is altogether performed synchronizing with a 
PCI bus clock (PCICLK). 

[0017] Next, the function and configuration of each component of drawing 1 are 
explained. CPU11 is realized by the microprocessor "Pentium" currently 
manufactured and sold by U.S. Intel. The processor bus 1 directly linked with the 
I/O pin of this CPU1 1 has the data bus of 64-bit width of face. Main memory 13 is 
a memory device which stores the application program an operating system, a 
device driver, and for activation, processed data, etc., and is constituted by two 
or more DRAM modules. 

[0018] Host-PCI bridge equipment 12 is the bridge LSI which connects between 
the processor bus 1 and PCI buses 2, and functions as one of the bus masters of 
PCI bus 2. This host-PCI bridge equipment 12 has the function to change a bus 
cycle including data and the address in both directions, the function which 
carries out the access control of the main memory 13 through a memory bus 
between the processor bus 1 and PCI bus 2. 

[0019] PCI bus 2 is the input/output bus of a clock synchronous type, and as 
mentioned above, all the cycles on PCI bus 2 are performed synchronizing with 
a PCI bus clock. The frequency of a PCI bus clock is a maximum of 33MHz. PCI 
bus 2 has the address/data bus used in time sharing. This address/data bus are 
32-bit width of face. 



[0020] The data transfer cycle on PCI bus 2 consists of an address phase and 
one or more data phases which follow it. The address and a transfer type are 
outputted in an address phase, and data (8 bits, 16 bits, 24 bits, or 32 bits) are 
outputted in a data phase. 

[0021] The PCI devices 14 and 15 are for example, a graphics controller, a PC 
card (CardBus) controller, an IrDA controller, a SCSI controller, etc., and 
function as a bus master of PCI bus 2 like host-PCI bridge equipment 12. 
[0022] PCI-ISA bridge equipment 16 is the bridge LSI which connects between 
PCI bus 2 and ISA Buses 3, and functions as one of the PCI devices. The ISA 
devices 19 and 20 on ISA Bus 3 are HDD, a system timer, a keyboard controller, 
etc. 

[0023] The bus clock control circuit 16 is for controlling a halt/restart of supply of 
the PCI bus clock (PCICLK) to each PCI device, and control of a halt/restart of 
the PCI bus clock (PCICLK) is performed based on a bus idle signal, a bus 
demand signal, and a system-event signal, a bus idle signal - the operating 
state of PCI bus 2, i.e., a bus, — it is shown whether it is working (under bus 
cycle activation). A bus demand signal is a signal for a bus master to require the 
royalty of PCI bus 2 of a PCI bus arbiter. A system-event signal shows that a 
certain event occurred within systems, such as an interrupt signal. 
[0024] If the bus clock control circuit 16 detects the idle of the PCI bus by the bus 



idle signal and there are not a bus demand signal and a system-event signal, it 
will control the bus clock generation circuit 17 by the clock control signal, and will 
stop a bus clock. Moreover, when a bus demand signal or a system-event signal 
occurs during a bus clock halt, the bus clock control circuit 16 controls the bus 
clock generation circuit 17 by the clock control signal, and makes supply of a bus 
clock resume. 

[0025] The concrete example of a configuration of the bus clock control circuit 16 
is shown in drawing 2 . Like illustration, the bus clock control circuit 16 consists 
of the bus supervisory circuit 161, the bus demand detector 162, a system-event 
detector 163, the OR gate 164, and a clock control signal output circuit 165. 
[0026] the time of detecting that the bus supervisory circuit 161 supervises the 
transaction on PCI bus 2 using frame signal FRAME# and initiator ready signal 
IRDY# for generating the above-mentioned bus idle signal which it is and were 
defined on PCI bus 2, and does not bus operate - a bus idle signal - "H" level - 
asserting - a bus - DEASATO [ a bus idle signal / "L" level ] when a working 
thing is detected. 

[0027] Here, FRAME# is a signal driven by the current master, in order to show 
initiation and the period of a transaction. When DEASATO [ FRAME# ], it is 
shown that a transaction is the last data phase. IRDY# is a signal driven by the 
current master, and in a light cycle, it is asserted in order to show that the master 



outputted definite data on the bus, and in a read cycle, it is asserted in order to 
show what the preparation with which a master receives data was able to carry 
out. 

[0028] When DEASATO [ both these FRAME# and IRDY# ], the bus supervisory 
circuit 161 detects that it is in a bus idle condition, and asserts a bus idle signal 
on "H" level 

[0029] The bus demand detector 162 supervises all BASURI QUEST signal 
REQ1# inputted into a PCI bus arbiter from each PCI device - REQn#, and when 
either of REQ1# - REQn# is asserted, it asserts a bus demand signal on "H" 
level. 

[0030] The monitor about mask impossible interrupt signal NMI and system 
management interrupt signal SMI is performed further, and a system-event 
detector asserts a system-event signal on "H" level, when one of interrupt 
signals is generated, interrupt signal INTA-D which interrupts from each PCI 
device and is inputted into a controller, interrupt signal IRQ 0-15 which interrupts 
from each ISA device and is inputted into a controller, and. 
[0031] The reversal input of the bus idle signal from the bus supervisory circuit 
161 is carried out at the 1st input of 3 input OR gate 164. Moreover, the bus 
demand signal and system-event signal from the bus demand detector 162 and 
the system-event detector 163 are inputted into the 2nd input and the 3rd input 



of 3 input OR gate 164 as it is, respectively, the output of 3 input OR gate 164 - 
bus working ("H" level) / bus — un — being working ("L" level) — it is shown and is 
inputted in the clock control signal output circuit 165. 

[0032] The clock control signal output circuit 165 generates the clock control 
signal which directs a halt/restart of PCICLK based on the output of 3 input OR 
gate 164. Next, actuation of this operation gestalt is explained with reference to 
drawing 3 and drawing 4 . 

[0033] The timing chart of drawing 3 is the timing in the case of stopping a bus 
clock (PCICLK). That is, if DEASATO [ both FRAME# and IRDY# ] is detected 
and it is detected that the bus demand signal and the system-event signal are 
not generated, the output of 3 input OR gate 164 will serve as "L" level which 
shows under bus un-operating. Thereby, from the clock control signal output 
circuit 165, the clock control signal which directs a halt of PCICLK is generated, 
and supply of PCICLK to each PCI device is suspended by this. 
[0034] If a clock demand signal is generated during the supply interruption 
period of this PCICLK (detection of assertion of FRAME# by the bus supervisory 
circuit 161, or IRDY#, detection of generating of the bus demand signal by the 
bus demand detector 162, or detection of generating of the interrupt signal by 
the system-event detector 163), the output of 3 input OR gate 164 will serve as 
"H" level which shows under bus actuation. Thereby, from the clock control 



signal output circuit 165, the clock control signal which directs the restart of 
PCICLK is generated, and supply of PCICLK to each PCI device is resumed by 
this. 

[0035] Thus, according to the configuration of drawing 2 , a system state is 
investigated by detecting the existence of a bus idle condition, a bus demand 
signal, and an interrupt signal, it is judged that it is in a bus idle condition, and he 
is a system idle when it is detected that the bus demand signal and the interrupt 
signal are not generated, and PCICLK is stopped. In this case, since it will not be 
stopped by PCICLK in the limitation in which the bus demand signal or the 
interrupt signal is generated even if it is in a bus idle condition, actuation of each 
PCI device is not affected. Moreover, if a bus demand signal and an interrupt 
signal are generated from a PCI device during a halt of PCICLK, supply of 
PCICLK will be resumed and it will become possible to perform the normal bus 
transaction which synchronized with PCICLK. Therefore, an unnecessary bus 
clock can be stopped without mounting special functions, such as the "CLKRUN" 
protocol, in a PCI device, and reduction of power consumption can be aimed at. 
[0036] The 2nd example of a configuration of the bus clock control circuit 16 is 
shown in drawing 5 . Here, in addition to the configuration of drawing 2 , the snap 
timer 1 66 is formed. This snap timer 1 66 is for delaying the halt timing of PCICLK 
during a fixed period, and after the output of 3 input OR gate 164 serves as "L" 



level which shows under bus un-operating, when count actuation is started and 
predetermined counted value is reached, it notifies it to the clock control signal 
output circuit 165. By this, the clock control signal which directs a halt of PCICLK 
will be generated [ time amount / of the snap timer 166 / count ]. Counted value 
of the snap timer 166 can be made programmable by preparing the configuration 
register for setting up a counter value for example, in the bys clock control circuit 
16, and setting up by software the counter value equivalent to the time delay for 
which it wishes there. 

[0037] The situation of the state transition of the bus clock control circuit 16 of 
drawing 5 is shown in drawing 6 . In drawing 6 , a condition S1 (RUN) will shift to 
a condition S2 (SNAP), if the condition that PCICLK is supplied is shown and 
bus un-operating is detected in this condition. Count actuation of the snap timer 
166 is performed in the condition S2 (SNAP). If generating of an interrupt signal 
and generating of a bus demand signal are detected during count actuation of 
the snap timer 166, while returning to a condition S1 (RUN), the counted value of 
the snap timer 166 is returned to initial value. On the other hand, if count 
actuation of the snap timer 166 is completed in a condition S2 (SNAP), it will shift 
to a condition S3 (STOP). Supply of PCICLK is suspended in the condition S3 
(STOP). If generating of an interrupt signal and generating of a bus demand 
signal are detected in a condition S3 (STOP), it will return to a condition S1 



(RUN). 

[0038] The timing of operation when changing in the condition S3 (STOP) from a 
condition S1 (RUN) by condition S2 (SNAP) course is shown in drawing 7 . That 
is, if DEASATO [ both FRAME# and IRDY# ] is detected and it is detected that 
the bus demand signal and the system-event signal are not generated, the 
output of 3 input OR gate 164 will serve as "L" level which shows under bus 
un-operating. Thereby, count actuation of the snap timer 166 is started. PCICLK 
continues being supplied until the count actuation is completed. And if count 
actuation is completed, the clock control signal which directs a halt of PCICLK 
from the clock control signal output circuit 165 will be generated, and supply of 
PCICLK to each PCI device will be suspended by this. 

[0039] Since time amount will be required by resumption of PCICLK supply even 
if an interrupt signal etc. is generated after that if PCICLK is immediately stopped 
at the time of bus idle, the fall of system performance will be caused. Therefore, 
like this example, by carrying out fixed period delay of the halt timing of PCICLK 
by count actuation of the snap timer 166, the fall of system performance can be 
prevented now and it becomes possible to perform as many processings as 
possible collectively within the clock days of supply. 

[0040] Moreover, since there is what clock or a required thing after a bus 
transaction is completed depending on PCI before starting the following event, a 



bus demand signal and an interrupt signal can be immediately answered from 
such a device by using the snap timer 166. 

[0041] In addition, instead of stopping PCICLK, although the above explanation 
explained only the example in the case of stopping PCICLK during bus 
un-operating, where the frequency is reduced, even if it continues supplying 
PCICLK, power consumption can be reduced. In this case, the timing of 
operation which can be set is shown in drawing 8 . 

[0042] That is, if DEASATO [ both FRAME# and IRDY# ] is detected and it is 
detected that the bus demand signal and the system-event signal are not 
generated, the output of 3 input OR gate 164 will serve as "L" level which shows 
under bus un-operating. Thereby, in order to reduce the frequency of PCICLK 
from the clock control signal output circuit 165, a clock control signal is 
generated intermittently and the frequency of PCICLK supplied to each PCI 
device by this is reduced by what [ 1/]. If a clock demand signal is generated 
during such slow clock actuation (detection of assertion of FRAME# by the bus 
supervisory circuit 161, or IRDY#, detection of generating of the bus demand 
signal by the bus demand detector 162, or detection of generating of the 
interrupt signal by the system-event detector 163), the output of 3 input OR gate 
164 will serve as "H" level which shows under bus actuation. From the clock 
control signal output circuit 165, the clock control signal which directs the restart 



of PCICLK is generated by this, and the frequency of PCICLK supplied to each 
PCI device by this is returned to the original frequency. 

[0043] Moreover, it is used combining such slow clock control and the snap timer 
166 of drawing 5, and after under bus un-operating is detected, you may make it 
drop the frequency of PCICLK after fixed time amount progress. 
[0044] Since the usual PCI device is constituted so that it can operate about a 
part of logic of the interior also in the condition that the bus clock is stopped, and 
it can generate an interrupt signal and a bus demand signal normally, it is 
satisfactory, but when a bus clock is stopped depending on a PCI device, there 
are some which cannot operate at all. Therefore, when such a device is 
connected, as mentioned above, it is desirable to supply a necessary minimum 
clock rather than to to stop a bus clock completely, and to guarantee actuation of 
these devices. Thereby, it becomes possible to aim at reduction of power 
consumption, guaranteeing actuation of a device. 
[0045] 

[Effect of the Invention] As explained above, according to this invention, by 
investigating a system state and controlling a halt/restart of a bus clock 
according to it by detecting the existence of a bus idle condition, a bus demand 
signal, and an interrupt signal, an unnecessary bus clock can be stopped without 
mounting special functions, such as the "CLKRUN" protocol, in a PCI device, 



and reduction of power consumption can be aimed at. Power save independent 
of improvement in system performance or the class of PCI device can be 
realized now by performing use of a snap timer, and control of a bus clock 
frequency especially. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of the computer 
system concerning 1 operation gestalt of this invention. 

[Drawing 2] Drawing showing an example of the configuration of the bus clock 
control circuit established in the system of this operation gestalt. 
[Drawing 3] The timing chart which shows the clock halt actuation using the bus 
clock control circuit of drawing 2 . 



[Drawing 4] The timing chart which shows the clock restart actuation using the 
bus clock control circuit of drawing 2 . 

[Drawing 5] Drawing showing the 2nd example of a configuration of the bus 
clock control circuit established in the system of this operation gestalt. 
[Drawing 6] Drawing showing the state transition of the bus clock control circuit 
of drawing 5 . 

[Drawing 7] The timing chart which shows the clock halt actuation using the bus 
clock control circuit of drawing 5 . 

[Drawing 8] The timing chart which shows actuation of the bus clock frequency 
fall processing realized using drawing 2 or the bus clock control circuit of 
drawing 5 . 

[Description of Notations] 

2 - PCI bus 

3 - ISA Bus 
1 1 - CPU 

12-Host-PCI bridge 

13 — Memory 

14 15 - PCI peripheral device 

16 — Bus clock control circuit 

17 — Bus clock generation circuit 



18- PCI-DS bridge 

161 — Bus supervisory circuit 

162 Bus demand detector 

1 63 — System-event detector 
166 - Snap timer 
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*^tbjnT*e.> — ^mmMm^mii^^a «y * 

jW?lh£ft5«fc fijfB^X^P>y^$r{#±£-t»:3# 
IM&HX7* F/l>ttSB©»l»* MIB^XS^fg^, feL 

x * a .y * <D«*e*ssi z-ez^mtz^mtzct* 
Vfmtrzm&m 1 fB$w)n>t!a-*i/x7i*o 

CD*-!' ~ >mA4ft»O^W * D -y ^*±ngr s^ 
X?P>y?£/£3Mgfc, 

KrtH/^±OF7>-lf^">3 /W7>< F;U 

tt!6^S^*«tfl"r«^X7>r F;H£fcH3Mai:, 

SijiB/^x7-r F;u^ttj¥®feJ:t;Mie-i'^^ h^m^is 

0^m^«fc»cJ^THulE^X^o>y^^fig#ISO^n 
•y *£j*ftft*#Jffl*- S * a -y ^WfgT^oT, /<5 
XTf K>l/:RttT**C ttf&ttl^ft, fiofflfE/Sxg 

*fs^-*5 j: tow k> &&m^tf&£. znTK^cttfmm 
•y * «j» #s t zmm-f z c t *n m t * % a > e a - 

;wB5R« «fe xm *3 &&mm>m$L-£ nr c t 

*^a^tlTA^, — ^Hf^igii^fctfilB^X 7 a y * 



-r § c t t ? zm&m 3 ibikcd n y v. a - 2 ^>x 
[0 0 0 1 3 

fAtiu #fc/^x^p>y ^mmmm^Mt^yM. 

a-^v'X-r.McHf 5 D 
[0 0 0 2] 

niii/XTA^Xi: LTli:, ISA (Industry 
Standard Archi tecture) /^X 
^E ISA (Extended ISA) /**tf±jjin? 

■fe "V L4l/>^fi,7-*f cD«^<Dfc 

PCI (Peripheral Compone 
nt Interconnect) ^X^jSffl^n^* 

CO 0 0 3] P C I /^XlCiSI/^Tti, {St/u-if^TOT - 
-^$5iM(i7P>y^fE^^»*i;bT*5 0, £fi£>&7 
p -y ^$E^ti^-X HE^ffiV->TH?l$tiTV>§ 0 C 
tllCcfct), P C I /Uftti^l 3 3M/W h/# (x 
-#/SX#3 2 tf -y FWO^P) <D7'-^fEjMjlja^HJl 

[0 0 0 4] Ltctf-DT. PCUUOTtSi;, I 

[0 0 0 5] £<D£?%:PC I /W7-*fi'ftt 
«, ftj$Kl^(0^IlcDfcJ6tC 3 3MH z Jtl&HJiSi 
ji^/^X^P-y {'ill^ntV^. C<0/^X^P>y ^7 

liPC w^x±<Dh'7y-if^v'3ycD^i' = y^/^x 
±o^Jg)a7-'Wx{cii«•r?,fea6<D^>oT*fe , ?, ~>x 

[0 0 0 6] 

^t^IBO-^t^^o C©fci6, PCI 
/^XcDttHcO'plc t^X ^ p -y ^^rf#ih^-t±i.fca6co{± 
« ( "C L K R UN" 7nh3;l/) #£»Ji£3:ttSJ:3 

[0 0 0 7] C<D " C LKRUN" 7nhn 

^J&^X-^i^tcSI^-rsrci&lcti, PC I ^X±©^:T 
©T^-fX** "C LKRUN" 7P r-P/WC^-r-Sfc 
«)0*flB*#*"3Ci;«<j2«t*ti*o £<DtcSb, "CL 
KRUN" 7"p hn/Wc^jSLT^V^^cO^iZl^W 
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Xtfftl£T2>Wi-£lCl& "CLKRUN" fuh^^m 

cooo8] ccDmmtzcDkofjimcmfrTte-gtxrc 

fccDT-£D, mm^'UXlc "CLKRUN" 7°ahn 

*< RTffift 3 > tr a - # s/ x r- a %mm- s c t * § w t 
-rs 0 

[0 0 0 9] 

fe© AX *n«y AX *P>y*£fig#K 

fc, #jf2AX±<Dh7>+F^3 >£l£*jiU /UT-I" 

§a»JBia^ w^so/ ^x^^ft^fe * tf gy o 

S^^TsuI2^X^D -y ?£.i&¥m<D?ay ?3n$,mw 

«8i?*a<i t^msn, aoMis^xs^i^fcctt; 

fEAX * a -y * *fltjh*« « * a -y * 8if(9¥S >£H<I 
[0 0 l 0] CcDnytfa — ^v-X^AtCfcV^Tli, A 

X7>f KyUtttt, AXg#fi^i3£l/tiJ9Si*{I^<D* 
M^ttWf SCfc*::<t»)^'ri*«fi6««Si^5n, AX 
7^ F;H*SiT% SoAxB*fi^:fc<fctfiJ9&^t^ 

7 -f F;l/T?&S i: Wisnr/U * a <y * *«ff£?n 
So /ci:x.AX7l' F;M*ftlT*£oTfcAX 

* rc «fy >o ikfrismPRg. s nt ^ -s pi t) t « 

I^TliAX^n-y i'BMSM^OT', Saf^WX 

(Drnmcmffltt^TLZc £iz%:\,\ i^t, jsa^A-f 

XlC "CLKRUN" ^ah3 7UaH«0«rSUfttBfil*ll 
Stf * C i: 38: < AX * a -y ^ Srfis ±T?£ 5 «fe r> K 

[0 0 1 1] Sfc, lJilSE*ny*lffl»4M8i:l/Tti, *u 

tttu nt 6 -3£B#ra mmmcmz' sx ? n -y <7 t>m 

[0 0 1 2] i/X f A 7 Y F;mit t <1c^X ^ n y 

T\ ->XfA^7*-'?>xoIT : &}S< c i:t;5:§ 0 
f£-x>T, ->XtA^7*- Vi/XcDfgT^rlSfiitfSfcto 



7 o -y <7 S #5 # 5 V ^ * iiffiS -e- % c £ ic «t 

[0 0 13] £fc, JKO^Oaytfa — Jtv'Xfi. 
nykfa.-^ v-Xf-AO/^XtcSig-a-^nSffilifWf 1 ' 
yWXt, cn^M^co-r/WXtctuIfi/^XicDh^y 
+f ^7 is 3 ^co^ -Y = I/*?**?*. S fc#><DAX * D >y ^ % 
Mt«^X7U7 ^^J58#Si:, BuIB^X±Oh7> 

5^x7-1' F;Ht(±i^lSfc, tuIS^^Wx^p.oAx 

d >y Z&BSNfclZWmt** o -7 ^ftiJffli^S 
T&oT, /W7'f F^WSTfeSCfc^JltH^n, a 

osfffe^xs^fi^fc i t/w o jA^ft^fg^ « nt * 

T^-itS^n-y^ «iJ'##S i: 3 c i: ? 

So 

[0 0 14] COWJ^fCtn^ /Ui'D'y^^lc 
ffiLTSttfcDte, ^OAX^P-y^O^KiiAHaT? 
ni>c Mm> ®3727VWXt±> /U^D'^AHltStl 

^WXtCtoT^/^X^P-y -^A^lh^tlTbSd £ 

xVWX*^M$nT^Stf^-(C«, /U^ny^I 

L/T^nS^WXOlbf^^iE-rs c i:*^ST?$> 
S 0 cftfcfct), x/^-<XOKi^{SfflELoo. 

[0 0 15] 

CitSn^ea-i'i'XfAOW^tlT^S. 
cconvkfa. — ^ixxxi^ti, ^-yx'JIgffilRj^y— 

aytfa-^T'feO, ^Oi'XfA^- F±fC(i, 
■fe-y^Xl, PCPU2, ISAAX3, CPU1 

K *xh-PC I 2, i^^eu l 3, 

SiPC 112x^^X14, 1 5, AX^a-y>$iJ» 
[HISS 1 6, MX^DyfiM 17, P C I - 1 S A 
7U -y 1 8 , IS&TS&ffi I S A 1-af/WX 1 

9, 2 0^:4f*Wte>nTV^So 

[0 0 16] cn^ny^yh©^ PC I/U2 
fcgj«5«nfePC If^UXtLTtSSotSfeO, f& 
t>*>*?\ h - P C I 7U -y ->"81 12, SlPCiaifl 
f/WX 14, 15, PCI-ISA7U7 ->"gi 1 8 
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C I AX^n-y ^7 (P C I C L K) 

P C I AX^n-y ^ (P C I C L K) li, SPC I 7*A 

YxtcttL-TAxF^y-tf^v's yc^^^vy^ 

PC PU2±©^^;WittPC I 
AX^a-y^ (PCICLK) ^rafflLTlltT^nSo 
[0 0 1 7] 0 1 O&nVjtf— *l/b<DWimiS£ 

zfMimc-D^TmffltZo cpui ni, ^ri^ 

^"Pentium" %:}£ iC ^-oTMMStlT^^o £ 

©CPUI 1 <DXitif3^yicm.^nx^?>fu-{iy^ 

^'J 1 3«, V^X^A, t»;VXH 

^A, >fu^L^ fc«fc 

[O0i8]tah-PCi7"'j7 i?mm 1 2 te, :/n 
-fc:-y9-AX 1 hPC I iora^SK'^U •yv'L S 

IT&tK PC I/W2©/WvX^<D10i:LTli 
•Ti. 0 L(D*Xh-PC I yj-yzSmWl 2ii, 7°P-b 
-y-tf-AX ltPCI AX 2 i:<D^T% 7=— ^fe^l/T F 

tf^UAXSr/t-LT^^'J 1 3£:7^-t:XftfiJSEp-f £ 

[0 0 19] PC\^X2te?u>y?mmmcr>Xtilt)'1 
XTfctK itflSEUfci^CP C I/ i iX2±OttW-l' 
*;U±P C I AX^a>y ^tcp^LTfT&'bnSo PC 

I ^X^CJ'y ^<D)SljSSS(ti«^:3 3MH zt'S5„ PC 

i ax2«\ mftmwicmmztizT Fi/x/f-^/'; 

X^LTl^o COTFl/X/f-^^XIi, 3 2t£ 
•y hi|>n?&£o 

[0 0 2 0] P C I MX 2 ±cO-r'-^»E^-Y t)U£ s 
-XhA^^^n?. 0 7 FUX7x-X{C*5V^TtiT 
«8e>yh, 16lf'yh, 2 4 fcT >y h Sfzl* 3 2 tf >y F 

of*— ^^db^^n^o 

[002 1] PC If'KXl 4, 1 5(11^.1^7 7 
^Xnyhn-7, PC*— F (#— FAX) n^h 
I rDA37hD-7, SCS InyhD-7 
ftifefeO, *7h-PC I7"'J7->*8il 2fcElfllfc: 
P C I AX 2 CQAX VX* i: LT^tg-r^c 

[0022] PCI-I SA7*'J7 *J$m 16«, PC 
I AX 2 I S A/U3 fc^ffil^rSSK'^U -yi/L S I T* 
PC If/WXOlOiLtait^. ISAA 
X3±<OI SAf^WXl 9, 2 0(i, fdjilf, HD 
D, ->X-^A^-f"v, zK— Knyhn- ^*ifT-* 

[0 0 2 3] AX^n-y ^MfflHUSS 1 6(i§PC I 7 s A 
-YXtcWr?. P C I /Ui'D'^ (PCICLK) CD« 



I AX^U-y ;7 (PCICLK) <Dff±/SiitDlfr^ 
(i, AX7-TF;W1^ AxS^fi-5t, J3iO'yXfi 

PC I AX 2 CQjSjfpKSs* oStJ/^Xilj^ff (AX+r-r 

XVX^tfPC I AX 2 COf^ffltt^r P C I AXT— 

t± > f ij <3 3£&fi^& if ~> X 7- A ft 5, <D ^ y h 

[0 0 2 4] AX^O'y ^^JSSIilSS 1 6 (i, AXTl' F 
;WS€tCcfc3 P C I AXOTM K;l/*«tHL, /USS 
{§-^ fccfctf^XT^^^Mf^tf&tttlWu tru-y 
^^m^fciOAX^a-y^^lHlESl 7>&ffrJffllLT 
/U^D7 ^^rffih^-^Sc, Sfc, Ax^n-y ^ffitif 

tc , / ^xmmm * ->x f ^ > f {i^*^^ l 

fctlB-tCti, AX ^7 a -y^7 ©JWIDSSI 6(i, ^D-y^frJ 
tPfg^Cj^AX^O-y ^^IhISSI 7 £8^1, TAX 
7 n -y ^ <D«^f?l?fI ^ § o 

[0 0 2 5] 0 2 AX^O-y £ftilJ®llH|Sg 1 6©I 

>y^^J®lHlSSl 6«\ AXKIlHISSl 6 K AXg^ 
lillHlSSl 6 2, v'XT-A^^Vl-^WlHlSgl 6 3, OR 
Y-b 1 6 4, £>£t)^n-y ^©JWI^W^IsISS 1 6 5 

[0 0 2 6] AX^1Ih]S§ 1 6 1 titua?COAXT'l' F;l/ 
{g^££/£t-3fci6©fc£>T'&9, PCIAX2±tC^ 
ffi^nfc^U—Afl^F R AME # *5<fct>V->-i— ^ 
U^V-fl^I RDY#%ffl^TPC I/^X2±Oh^ 
v+f^v-a ^^rlgtlL, Ax^KffT$.^ci:^(±jL 
fci:^{cAx7 T -i' F^WS^-^ "H" L^wcr-tr- h 

YMm* "l" u^juc^tv- h-r^c 

[0 02 7] CUT, FRAME#!i> h5>f^i/3 

h'^^yZtlZm-^-V&Zo FRAME #tf7*7V~ h 
£*lfcft#. h ^ >if ^ iy 3 ^ffi^cor 1 -^ 7 x— XT' 
$511^^0 I RDY#tiIlficOVX^(cj;oTF 

iczif-h^n, u — F-9--r^;Hc*3i/^T(±, 

[0028] cn?>FRAME#*5j;t>"IR D Y # if Pi 
ICfT-y—hZftT^ZtZ, /^X^IIIISSl 6 
XT-f F;l/»$5ilt^(llU AXT-Y F;b{I^ 
* "H" U-^l/fcT+J-— h-T^o 

[0 0 2 9] AXg*&tBls]Sg 1 6 2 ii. PC I -rA-Y 

x^n^ti^e> p c i axt— e^(cA^)^rL§3>T£D 

AXU ^17 h{f^R EQl#~REQn #^IIU 
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REQ1 #~R E Q n ffO^fnWt-h?^ 
S£#>*XE3£fg*t* "H" lx-N;l/tc7-9--h-r^o 
[0 0 3 0] i/7,7-L,y(^l/ M^ttllHlSSJi, SPCIf 
/ W 7. 6 »J t) & * n > h a - 5 A A) * ft S W 0 & * 
I NTA-D, I S A^/WX^afiJOii^ni/ 
hD-5fcAAj<*ftSM»)&*®#I RQO- 1 5, £ 
6fcVX^^SiJt»ii*m^NM I, ->XxA^JIfiJ<9 
ii^fl^f SM I {C0V>T0^1^tV\ 1/^ft^OflJt) 
jA^{g^tffg££ftT^S tt^TA^'OHf* 

"h" u^;i/^7 T -9--h-r§ 0 

Co o 3 n ^xil*jl@gS i 6 i frt}<r>/%7S7-< K;WI 

3 A* O R y- H 6 4 OS 1 XAKSIEAA S 
ftSo /^S^ttttiglHl 6 2feJ;lf^TA^ 

^>h^tlllHl6Sl 6 3^P)O^XS5l<fl^*3<ta : >'XT- 
A-Y^VMf^tft ^©£1: 3AA)ORy-b 1 6 40 
2S2A7Jfc<fctfS3AAi{c^ft^ftAAi£ft£o 3AA) 
ORy-h 1 6 4©fc*jH7<Xt&f|sit« ( "H" \y^)V) 
/*7MWfe* ( " L " ^ft,©-pS6*3, 
ny^WfflHS^ttJ^lHlKi 6 5tcA7j£ftSo 
CO 0 3 2] 9a>y W$Hf^ffiAj!Hl8gl 6 5«U 3 A 
A) O R y — h 1 6 4 <DfcHA)fc:8-3l/>T P C I C L K<D{§ 

±/mmzm*? s ? n -y ^injw«^*«^-r s. * 
H3*«fctfig4*#MLT, *nMBn<Dmft*m 

CO 0 3 3] 03Oi'-l'5yyff-K^U^n7i' 
(P C I C L K) £{#±£^£11^©:?^ = V^T^ 
So -r^ft-S, FRAME#fiAtf IRDY#^(Cf 

3 A7J O R y— h 1 6 4 OttiAHi^X^iJjfFcp 
fcjjVT " L " U^frf&Zo £tilz£K>. i?X3y*&m 
flWtti AOSS 1 65^P.aPCICLK ©{? it^fg^T 

TvWXfc*fTS P C I C L KO#t^7bH*ih^ftS„ 
CO 0 3 4] COP C I C L K<DQy&&±mffl$>lC 9 

a -y tm&m ^ttmzLtznz t (^xBstiiHisg i & nc 

<t5FRAME#o: fcli I R D Y #07' ^t— h©$£ttk 

^x&Mmtamm 1 6 2te«fcs^xg#ra^<of8£©ia 

ttk icfcte^X^A^V b^tfj[e]Sg 1 6 3{C<fcSflJ9 
^ff^Ofg^O^tH) . 3AAlORY-h 1 6 4©m 
A/li^xSj^cp^-T "H" U"S;l/i:&So cftfci 
0. ^a-y *faJWI*§fctlA)lelE& 1 6 C I C L 

K<Dnm^m^r s*ny?ftjwt^tffg££ft, eft 

fCfc^T&P C I yV^xlCft-TSP C I C L KO«3£ 
CO 0 3 5] ClOct^tC, 0 2©1ifiRtC<tftff, MX7 

^SftT*vci:^tb$ftfci:frfc«> ->XfA7-Y 



F^-PSSkWRSnTP C I C L KtfffHtSftSo c 
ftfc^/U7-f F;l/«lT'*oTt^UMf 
* fc tigij o * ft T V ^ S ffi *) »C fe^T tt 

P C I C L Kfiffih^n^^OT', §PC I y'^-Yxo 
Kj^tc^S^^SC^tt^l/^o PCICLKO 
fflUhffc P C I yVWX^e.^XSARfl^VSiJt)^® 

wassnsi:, pcicLKcm'M^^ p 
c i cLKicmmLfciEW^^^h^y^f^^ay^n 

SCttfnimttiZo iot, PCIt/WXIC "CL 
KRUN" ^aha;U«:if<oitSiJft«WE*||S-rsct 
%<»U707 ^*ffihT*SJ:5fC!a:»3, HAl 

CO 0 3 6] H5fCtt, ^X*Dv*SJWlII8&l 6<DI 

X-f •y7 p £-fx' 1 6 6A s iS^e>ftTV^ 0 COXt 
7^7 16 6tt, P C I C L KC0f?lt£-f 5>y£: 
-£J8P f S®&H±Sfc46cDk<DT'&'K 3AA)0Ry-h 

1 6 4CDttJA)A' ! ^X^K{t4'^-r "L" 

T 6 * 9 > h Si&fl5*IJH$& U BrS© * 9 > h licl L 
fcfc*»C*ft**nv*flPj»{I%aAilElB&l 6 5(ci§*P 
t§. CftlCfctK PC I CLKCM^t^.i'D 
>yW$Hl-5§te> Xt7A^^Vl 6 6<Dj3<y>hV$m 
^tiIftT«^*ftSCi:fc«:S. Xt7A^^Vl 6 
6 0£ 9 V Mite, /c^x.te^X^a-y^P®)(5]Sgl 6 

ui>x**RW\ ^ctt^a-rsaftBtratcffiS-rs* 

CO 0 3 7] @6i:!t 0 5©^X*n-j»*flPj»H|8&l 
6 0t»c^31^0l$^Jb^?ftTl/^o 0 6l;:fcf>1\ « 
1S1 (RUN) tiP C I C L K#«*S£ftTV>?>mS 
fcj^U COm^Tv^x#Et)^^ft]^ftSi:, miS 

2 (SNAP) (C^T^ftSo WHS 2 (SNAP) T* 
tt, Xt7^^?l 6 6<D*9>Md{W5ftftSo 

o^^/^xS^jl^o^A^tis^ftSi:, mis 1 

(RUN) (Cfg!Jfi}£ft3£:±t{c, ^7^^716 6 

o*9yhfflte«]WfitcK?ftSo mis 2 (S 

NAP) Cfe^TXt77*^-l'V 1 6 60*9>hffijf^ 
jb^T-fSi:, mi S3 (STOP) KfMr«ft«. « 
IS 3 (STOP) Tte, P C I C L K 0«*&*H#±$ 
ft So mi S3 (STOP) (CteVTfiJtijA^ff^Olg 

£^xg*fs^o^£7b^m£fts^ mis i (r 

UN) tC«!)§£ftSo 

CO 0 3 8] 0 7(Cte, miS 2 (SNAP) SSTW 

ms i (run) ^?>mis3 (stop) tcg^-rs 

AME#33J:tf I RDY#tf«{LT7*-hSnftCi: 
*^tH^ft> fiO/^Xg^d^tJ.ttfi'XxA-f^y h 
fc^tfa^SftTfc^CfctfttasftSi:, 3AA)0R 
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y-h i 6 4 ©ffiatt/WMMMifcjjvr "l- 

P C I C L Kt±«l££niSjitt£ 0 ^UT, i^Mff 
C I CLKOff±*»^-r*^n-y^iWWfl|^38S« 

n, cnfCctoTg-p c i f/w^cwts p c i c l 

CO 0 3 9] ;U7^ K^fC-TCfcP C I C L KSrf? 
P C I C L KO«*&|fM*TfC«^|ffl*S'rSO^ S' 
T, *ffJ©«t3K, P C I C L KOfflk*-!' 5>-y%X 

t7^?i 6 6<D%v>hmmc&ix— mmms 

B6it?£*J:3K:;a:*K 
[0 0 4 0] l/t, P C I iCfc-pTti^X hv>1f 

[004 i] &*5, m±<Dmwr*it, 'WtmRHpteP 

p c i c l K*»±??>{xtir>ic, *<Dmmtt<& 
Tz&tzvm-vpc i c l K^m^Lm^i^vichr 

[0 0 4 2] F R AME #*5<fctf I R D Y # 

fl^ffc <fctf *>x-r L.-f^> HWt^titi&^c: i: 
^tfttB^nSfc, 3 A^ORY-h 1 6 4©fcU;fcfi^X 

y 5$mmmiit)\slffi I 6 5^f>liPCIC L KcD/a® 

cntioTftPcif/w^KWie^nspc 
i c l Kw&mtwftv i ^fcfiwsn«o 

n-Si (/<?Xi£81lEl8& 1 6 lti§FRAME#$ftli 
I R D Y #cDT-9"- h<D^W> /^Xg^ttHUSS 1 6 2 

ttJ) . 3A^lORf-M 6 4©tttfjtt/SX»lf£4';&;3* 
f "H" U^;l/i:*S 0 ct\lcja^, ?uv?MMm*% 

timmm 1 6 s^sbpc i c l Kosi*t^t«i' 

-fXtifeStll, P C I C L KO«aatt7COH«[»K: 
[0 0 4 3] *fc, C(DJz5teXV — ?uy irfflmtm 



X#Ebf / F4'^m^tiT3b^-^9#|1l]^ii^{cP C I C 
[0 0 4 4] iimOP C I f/WXIi, MX^Py 7# 

#\ PC I T^WXlcioTki/SX^Py ^fflk^ft 

ft <fc o K , /W^D7^ *^±fcff ikt 5 CDT-lifc < , 
&g«<SIE© * P y * LT^ne.r/W70iff 

[0 0 4 5] 

fuciscT^x^py *<D&±/nm*:#ffi*& ctic 

J;tK PC If/W7,tc "CLKRUN" ^nhnM 
H©#BU&8Ki£lt^TSC£&<^g;S:^x?py? 

[0Bu©f«;S:F£B/4] 

[mi] co«wo-nas*8RK:«s=iyfcra-^s/x 

[0 2 ] |H]^fiSff$ft8© vXr" Atciait 5 tlfc^T, * a y 
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